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1
ELECTRON BEAM PLASMA CHAMBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Patent
Application Ser. No. 61/513,498, filed Jul. 29, 2011, which 1s
herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention generally relate to a
process and processing chamber that are usetul for improving,
gap-f1ll during an integrated circuit processing sequence.

2. Description of the Related Art

As semiconductor device geometries continue to decrease
in size, providing more devices per unit area on a fabricated
substrate has become increasingly important. These devices
are 1mtially 1solated from each other as they are formed on the
substrate, and they are subsequently interconnected to create
the specific circuit configurations desired. For example, spac-
ing between devices such as conductive lines or traces on a
patterned substrate may be separated by 0.18 um, leaving
recesses or gaps of a comparable size.

Dielectric layers are used 1n various applications including
shallow trench 1solation (ST1) dielectric for 1solating devices
and interlayer dielectric (ILD) formed between metal wiring
layers or prior to a metallization process. In some cases, STI
1s used for 1solating devices having feature dimensions as
small as under about 0.5 um. For example, a nonconductive
layer of dielectric matenal, such as silicon dioxide (S10,), 1s
typically deposited over the features to fill the aforemen-
tioned gaps (gap-fill) and insulate the features from other
teatures of the integrated circuit 1n adjacent layers or from
adjacent features in the same layer.

In some of these cases, the aspect ratio of the depth to width
of the trench to be filled exceeds 6:1. Caretul control of 10n
and radical density 1s necessary for high aspect ratio features
as well as for advanced active species energy specification for
selective applications (for example, selective nitridation of S1
vs. S10,). During deposition, charged species tend to result in
a directional flux hence resulting in bottom-up fill, while
uncharged species such as radicals tend to contribute more to
the deposition on the sidewall. Therefore, careful control of
the ratio of 10ons and radicals 1s important. Too many radicals
may grow on the sidewall and top corner of the trench and
result in pinch-oil of the feature. Because some sources result
in better side deposition and others result 1n better bottom
deposition, conformality has typically been achieved by
using one tool for bottom {ill and another tool for side fill.
Mimimizing the flux of radicals will allow much higher aspect
ratios to be filled. Maximizing the flux of radicals will aug-
ment deposition on the sidewalls of an aspect feature. There-
fore, there 1s need for a method of tuning and/or controlling a
substrate deposition process to adequately fill features of a
desired size within the one processing tool.

Ion and radical generation 1n all current plasma growth and
deposition technologies (e.g., inductively coupled, capaci-
tively coupled, and microwave generated plasmas) are
coupled or linked because both species are created by their
interaction with ions and electrons that are generated 1n a
plasma formed 1n a processing region of a processing cham-
ber. Due to the inherent broad energy distribution found in
these conventional 1on and radical formation techniques, the
tormed species have widely differing amounts of energy and
a relatively fixed or skewed ratio of formed radicals to formed
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ions. As illustrated 1n FIG. 2, a typical energy distribution of
an electron generated 1n a plasma includes a high energy
initial peak at low energies (e.g., ~2 €V) and an exponential
decay 1n the number of electrons that have higher energies.
Typically, only small changes 1n the ratio of 10on to radical
species can be made by adjusting process conditions such as
pressure and gas composition. Additionally, delivery of the
different types of active species can only be tuned by making
major hardware changes in the processing chamber such as
adding an 1on {ilter, a remote plasma, or changing the show-
erhead. However, true separation of 1on and radical species
can generally not be accomplished using these conventional
plasma processing methods. Therefore, there 1s a need for an
apparatus and method of better controlling the radical to 1on
ratio without having to alter process conditions (such as pres-
sure and gas composition) or chamber configuration during,

processing.

SUMMARY OF THE INVENTION

The present invention generally relates to an apparatus and
a method for tailoring the formation of active species 1n a
processing apparatus by use of one or more electron beams to
improve gap-ill during a deposition process used to form
integrated circuit devices.

Embodiments of the present invention generally include
methods of talloring the energy of one or more electron beams
to maximize the formation of a desired species (electrons
leading to 1ons or electrons leading to radicals) that aid 1n
improving the deposition process and deposited film proper-
ties. In one embodiment, electrons leading to 10ns are maxi-
mized for high aspect fill by applying a high electron beam
energy above the 1onization threshold of the source gas. In
another embodiment, electrons leading to radicals are maxi-
mized for depositing an oxide having good electrical quality
by applying a low electron beam energy below the 1onization
threshold and above the dissociation threshold of the source
gas, increasing the temperature of the substrate and not using
a bias.

In another embodiment described herein, an electron beam
chamber 1s described wherein the one or more electron beams
are directed as a sheet (as opposed to a beam) perpendicular to
a gas stream flowing towards a substrate. Multiple impinging
jets created by these electron sheet/gas stream configurations
may scan across a large area of a moving substrate in order to
increase throughput. The substrate may translate or rotate
under the impinging jets. The distance from the electron
beams to the substrate and the temperature of the substrate
may be controlled in order to achieve better conformality.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present invention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admuit to other equally effective embodiments.

FIG. 1 shows a schematic cross sectional view of a prior art
embodiment of an electron beam chamber configuration.

FIG. 2 1s a graph showing the electron energy distribution
for an inductive oxygen plasma.

FIG. 3 1s an 1onization cross section of oxygen gas (O,).



US 8,765,234 B2

3

FIG. 4 1s a graph showing the electron energy distribution
for an inductive oxygen plasma with an electron beam tai-
lored to maximize radicals.

FIG. 5 1s a graph showing the electron energy distribution
for an inductive oxygen plasma with an electron beam tai-
lored to maximize 10ns.

FIG. 6 shows a schematic cross sectional view of an elec-
tron beam apparatus of one embodiment described herein.

FIG. 7 shows a schematic cross sectional view of an elec-
tron beam apparatus of one embodiment described herein
from a top perspective.

FIG. 8 shows a schematic cross sectional view of an elec-
tron beam apparatus of one embodiment described herein.

FIG. 9A shows a schematic cross sectional view of an
clectron beam apparatus of one embodiment described
herein.

FIG. 9B shows a graph of electron energy versus distance
from the substrate to the electron beam.

DETAILED DESCRIPTION

Embodiments disclosed herein generally relate to a method
and apparatus for tailoring the formation of active species
using one or more electron beams to improve gap-fill during,
an 1ntegrated circuit formation process. The methods
described herein allow the amount of each type of active
species to be controlled independently of the other typical
process variables, such as process pressure, gas composition.
The method described herein tailors the energy of the electron
beams to maximize the desired species (e.g., 10ns or radicals).
In one embodiment, the percentage of 10ns 1n the processing
region of a processing chamber 1s maximized for high aspect
{11l by delivering a high electron beam energy to a portion of
the processing chamber gas. In another embodiment, the per-
centage of radicals 1n the processing region of a processing
chamber 1s maximized by delivering a desirable electron
beam energy. In this case, an oxide having good electrical
quality can be formed by increasing the temperature of the
substrate, and not by biasing the substrate.

In another embodiment (see FIG. 6), an electron beam
processing chamber includes one or more electron beams that
are formed as a sheet (as opposed to a cylindrical beam) that
1s aligned perpendicular to a gas stream that 1s directed
towards a surface of a substrate. In this case, the energy
delivered 1n the electron beams 1s formed 1n the shape of a
sheet, such that the cross-section of the beam 1s wider 1n one
direction versus another direction normal to the width direc-
tion. In one embodiment, multiple impinging jets of gas of
varying or constant gas composition are delivered through the
formed electron beams to the surface of the substrate. In some
configurations, the multiple impinging jets of gas may be
scanned across at least a portion of a moving substrate 1n
order to increase throughput and improve substrate deposi-
tion process results. The substrate may translate or rotate
under the impinging jets.

The distance from the electron beams to the substrate and
the temperature of the substrate may be controlled 1n order to
achieve better conformality. In conventional devices having a
fixed distance between the source and the substrate, the com-
position of an excited gas that flows towards the substrate
changes as a function of time due to collisions between gas
atoms (mean Iree path (pressure dependent) and with the
walls of the chamber. An advantage of the chamber configu-
ration described herein 1s that there are no chamber parts (e.g.,
a showerhead) between the electron beams and the substrate.
Therefore, the spacing between the electron beams and the
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substrate can be varied i order to account for the decaying
gas and control the type of species at the surface of the
substrate.

In another embodiment, the method of controlling an
active species of one or more electron beams can include
positioning a substrate in a processing chamber, flowing the
one or more source gases into the processing chamber,
wherein the source gas has an 1onization threshold energy
level and a dissociation threshold energy level, impinging the
source gases with one or more electron beams at a first energy
level, which 1s above the 1onization threshold energy level of
the source gas, to deposit a first layer of a desired thickness
primarily on horizontal surfaces of the substrate, maintaining,
the flow of the one or more source gases into the processing
chamber, and impinging the source gases with one or more
clectron beams at a second energy level, which 1s below the
ionization threshold energy level and above the dissociation
threshold energy level of the source gases, to deposit a second
layer of a desired thickness primarily on the side walls of the
substrate.

The one or more electron beams can impinge the source
gases at an angle between 75° and 105°, with preferable
embodiments at an angle that 1s perpendicular to the tlow of
the gas. As well, each source gas can be impinged separately
by one or more electron beams.

In another embodiment, the method of controlling an
active species ol one or more electron beams, can include
positioning a substrate 1n a processing chamber, flowing one
Oor more source gases into the processing chamber, wherein
the source gases have an 1onization peak and a dissociation
peak, and impinging the one or more source gases with one or
more electron beams at a third energy level, which 1s an
energy level between the 1onization peak and the dissociation
peak, which can deposit a layer on both the side walls and the
horizontal surfaces. The layer can be a conformal layer.

In one embodiment, an apparatus for depositing a {ilm can
include a processing chamber defined by walls, a vacuum
pump coupled to the processing chamber, a substrate support
positioned within the processing chamber to receive a sub-
strate, a gas distribution showerhead overlying the substrate
support, one or more gas tubes mntroduce a source gas 1n a
direction towards the substrate support, and one or more
clectron beam sources positioned on a first wall of the pro-
cessing chamber. The electron beam sources can transier one
or more electron beams from the sources to a target on a wall
opposite the first wall 1n a direction parallel to the substrate
support.

FIG. 1 shows a schematic cross sectional view of a prior art
embodiment of an electron beam chamber apparatus 100. As
shown 1 FIG. 1, a substrate 125 can be placed in electron
beam chamber apparatus 100 and positioned on a substrate
support 130 that 1s disposed underneath a plasma generation
source. A gas manifold 129 has an inlet that 1s fabricated 1n
accordance with any one of a number of methods that are well
known to those of ordinary skill in the art to provide a mecha-
nism for admitting gas into vacuum chamber 120 at a particu-
lar input rate from a gas source 107. The chamber can be
evacuated with a vacuum pump 133 that 1s connected to a leak
valve 132. The vacuum pump 135 exhausts gas from the
vacuum chamber 120 to control pressure inside vacuum
chamber 120.

The electron source can be any source that works 1n such a
vacuum environment. In some embodiments, the electron
source generates one or more large area electron beams sui-
ficiently wide to simultaneously expose the entire substrate.
The electron source includes a cathode 122 and an anode 126
separated by an insulating member 128. The anode 126 1s
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placed between the cathode 122 and the substrate 125, at a
distance from the cathode that 1s less than the mean free path
length of electrons emitted from the cathode. The potential
between these two electrodes 1s generated by a high voltage
power supply 139 applied to the cathode and a bias low
voltage power supply 131 applied to the anode. The current
can be varied over a wide range by varying the bias voltage
applied to anode 126. The temperature of substrate 125 can be
controlled during the electron beam treatment process by a
heating apparatus (not shown) such as, for example, and
without limitation, a resistive heater disposed within sub-
strate or substrate support 130 1n accordance with any one of
a number of methods that are well known to those of ordinary
skill 1n the art, or one or more inirared lamps disposed to
irradiate substrate 125 in accordance with any one of a num-
ber of methods that are well known to those of ordinary skall
in the art.

In operation of the electron beam chamber apparatus 100,
the substrate to be exposed with the one or more electron
beams 1s placed on the substrate support 130, and the vacuum
chamber 120 1s pumped from atmospheric pressure to a pres-
sure 1n the range of 15-40 mTorr. The exact pressure 1s con-
trolled via the variable rate leak valve 132, which is capable of
controlling pressure to +/—1 mTorr. The high voltage at which
the exposure 1s to take place 1s applied to the cathode 122 via
the high voltage power supply 139. A bias low voltage power
supply 131 (for example: a DC power supply capable of
sourcing or sinking current) 1s also applied to the anode 126.
The voltage on the anode 1s utilized to control electron emis-
sion from the cathode.

To mitiate electron emission, the gas in the space between
the cathode 122 and the substrate 125 must become 10ni1zed.,
producing positive 1ons and electrons. The anode 126 1s
placed at a distance less than the mean free path of the elec-
trons emitted by the cathode 122. Therefore no significant
ionization takes place 1n the accelerating field region 136
between the grid and the cathode. The 10ns created outside the
anode are controlled (repelled or attracted) by the voltage
applied to the anode 126. Thus, the emission (electron beam
current) can be continuously controlled (from very small
currents to very large currents) by varying the voltage on the
or1d. Alternatively, the electron emission can be controlled by
means of the leak valve 132, which can raise or lower the
number of molecules 1n the 1onization region between the
target and cathode.

The pressure 1n the gas manifold 129 may be controlled so
as to vary the mean Iree path of the gas atoms and thus the
energy delivered. Unlike the prior art electron beam chamber
apparatus 100 shown in FIG. 1, the apparatus of the present
invention controls the energy of one or more electron beams
so that the amount of each type of active species may be
controlled independently of the other typical process vari-
ables, such as process pressure.

FIG. 6 shows an embodiment of an electron beam process-
ing chamber 1n accordance with the invention. Generally, the
clectron beam processing chamber 600 includes one or more
electron beams, shown here as an electron beam B, that 1s
formed as a sheet (as opposed to a cylindrical beam). The
clectron beam B has a height T and a width W (see F1G. 7). In
this case, the energy delivered 1n the electron beam 1s formed
in the shape of a sheet, such that the cross-section of the beam
has a width W larger than height 'T. Methods by which a high
energy electron beam may be shaped into a thin sheet are
described m U.S. Pat. No. 7,510,666. For example, 1n one
method, a high voltage discharge may be struck between a
long, hollow cathode and a slotted anode such that a portion of
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discharge current emerges through the slot into the processing
chamber as an electron beam in the form of a sheet.

The electron beam B 1s emitted from a beam source 610
through a gas manifold 629 into a vacuum chamber 620. The
clectron beam B travels across the processing volume 601 of
the vacuum chamber 620, 1in a direction parallel to a substrate
support 130, towards an electrically conductive target 611. A
gas assembly 630 introduces gases from gas sources (see
651 A-651H) into the vacuum chamber 620. Although FIG. 6
shows eight gas sources, this embodiment 1s not limited to a
particular number of gas sources. The gas source may be
oxygen (O,) gas, nitrogen (N, ) gas, or any precursor gas or a
mixture of precursor gases. One or more impinging jets of gas
A may enter the vacuum chamber 620 through an array of gas
tubes 640. Each gas tube 641 introduces gas from a gas source
into the chamber. The gas flows towards a substrate 125
supported by substrate support 130 1nside the vacuum cham-
ber 620. The substrate support 130 may be biased using a
biased electrode 615 which may be coupled to an RF power
source 680 comprising a power supply 682 and an RF imped-
ance match network 681. The substrate support may also be
heated using a heater 670 coupled to the substrate support
130. An actuator 630 coupled to the substrate support 130
may move the substrate support 130 up and down using a lift
632 and may rotate the substrate support 130 clockwise or
counterclockwise using a rotation actuator 631.

The electron beam B 1s aligned perpendicular to the gas
stream directed towards a surface of the substrate 125. As
shown 1n the embodiment 1n FIG. 6, multiple impinging jets
of gas A of varying or constant gas composition may be
delivered through the formed electron beam B to the surface
of the substrate 125. In some configurations, the multiple
impinging jets ol gas A may be scanned across at least a
portion of a moving substrate 1n order to increase throughput
and 1mprove substrate deposition process results. The sub-
strate may translate or rotate under the impinging jets of gas
A. FIG. 7 shows an embodiment of the electron beam pro-
cessing chamber 600 from an overhead perspective. In the
embodiment shown 1n FIG. 7, the substrate 125 may rotate 1n
a direction of rotation R under a linear array 640A of imping-
ing jets of gas and a linear array 640B of impinging jets of gas
which may be perpendicular to the linear array 640A, both
linear arrays being within the outline of showerhead 628. In
this manner, a number of gas tubes 641 attached to the show-
erhead 628 can perform a umiform deposition as the substrate
125 rotates and having two linear arrays of gas tubes 641
increases throughput. In embodiments where the substrate
does not rotate, the gas tubes 641 may be 1n any pattern 1n
order to achieve uniform deposition over the substrate 125.

The distance from the electron beam B to the substrate 125
and the velocity of the gas through the electron beam may also
be controlled 1n order to achieve better conformality. By
flowing the gases perpendicular to the one or more electron
beams, one can change the speed and the species of gas that
arrive at the substrate. The spacing between the source and
substrate, and the velocity of the gas are key to controlling the
number of collisions. The velocity of gas aflects the probabil-
ity that electrons will hit gas atoms, thus changing the distri-
bution and mean free path of the gas atoms. The higher the
velocity of the gas, the further distance 1t travels for a given
number of collisions. The number of collisions determines
whether the gas atoms are neutralized. FIG. 9A shows a
distance D between the electron beam B emitted from the
beam source 610 and the substrate 1235. FIG. 9B shows a
graph of electron energy versus distance D. As shown in FIG.
9B, as the distance D increases, the energy of the electrons
decreases. Therefore, the distance D between the electron
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beam B and the substrate 125 may be adjusted in order to
control the gas species arrving at the substrate surface. The
velocity of the impinging jet of gas A may be controlled by
controlling the flow rate of the gas 1n the gas tube 641. In this
manner, the energy of the gas species may be controlled by
adjusting the velocity of the gas as 1t passes the electron beam
B.

Deposition film quality may also be controlled by adjusting
the temperature of the gas species as well as the temperature
of the substrate. The substrate 125 may be heated by heating
the substrate support 130 using heater 670. The gas coming,
out of the gas source 651A-651H may be heated 1n order to
increase the energy of the gas atoms.

In another embodiment, gas flows from a gas source (807,
809 and 811) towards a substrate 825 that may be horizontally
translated on rollers 850 or any other mechanism that can
cifectively horizontally move a substrate. Each gas conduit 1s
coupled to an electron gun (802, 804, and 806) which emits an
clectron beam B which cuts across the stream of gas 1n a
direction perpendicular to the gas stream, as shown 1n FIG. 8.
In this embodiment, each electron beam B can be emuitted at a
different energy depending on the source gas. In order to
increase throughput, the substrate 825 can be scanned across
multiple 1impinging jets A, each jet pertaining to a different
gas source, as shown i FIG. 8. Although only three gas
sources are shown 1n FIG. 8, this embodiment 1s not limited to
such. A pump 835 may be used 1n between separate deposi-
tion zones 1n order to create pressure differentials to ensure
that source gas from one jet cannot enter another. The pumps
help minimize gas contamination and 1improve process con-
trol.

The apparatus described above are scalable to the substrate
s1ze. It may not be necessary to change the beam power to
deposit a film on a larger sized substrate (1.e., one may only
need to increase the number of gas tubes over the substrate).
The amount of energy, however, may change depending on
the way the substrate 1s moved under the gas tubes. If trans-
lating the substrate (as shown 1n FI1G. 8), 10-100 eV of energy
may be applied. However, 11 the substrate 1s rotated during the
deposition process, a higher energy may be applied, such as
above 1000 €V, 1n order to have a more uniform deposition.

Methods for controlling the active species 1n one or more
clectron beams without having to change process conditions
such as pressure or gas composition are also described herein.
The methods tailor the formation of active species using one
or more electron beams to improve gap-1ill during an 1nte-
grated circuit formation process.

FIG. 2 shows the electron energy distribution function
(EEDF) for an inductively coupled oxygen plasma. In some
processes, the desired species are the electrons that are
capable of 1omzing the gas. However, these are represented
by the exponentially decaying end of the function (above
about 12 eV) and amount to a small percentage of the plasma.
In other processes, only radicals are desired, (1.e., no species
at energies above 11 V). However, because there will always
an exponentially decaying tail, the electrons leading to radi-
cals will always be created along with the electrons leading to
ions. Currently, 11 only radicals are desired, a remote plasma
source 1s used, and the electrons leading to 10ns are eliminated
betfore reaching the actual substrate. By tailoring one or more
clectron beams, a high density plasma can be created by
matching the electron energy with the gas collisional cross
section. In the embodiments described herein, a low enough
energy may be chosen so that only radicals, and no 10ons, are
created.

FIG. 3 shows the electron-impact cross section of oxygen
gas. As can be seen, the maximum interaction occurs at an
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energy near 100 eV. This energy will lead to efficient 1oni1za-
tion. Although the cross section 1s small for electron energies
below ~12 eV, these low energy electrons can be used to
produce dissociation without 1onization.

FIGS. 4 and 5 show how the radical to 1on ratio can be
drastically changed without changing any process conditions
(e.g., pressure or gas chemistry). FIG. 4 1s a graph showing
the electron energy distribution for an inductively coupled
oxygen (O, ) plasma with one or more electron beams tailored
to maximize radicals. The i1deal energy distribution function
for minimizing 1ions and maximizing radicals 1s shown by the
dashed/dotted line. The energy level at which 1ons are mini-
mized and radicals are maximized 1s called the dissociation
peak. Therefore, the one or more electron beams tailored to
maximize radicals for an oxygen plasma should be kept at an
energy level of around 10 eV or less, between the dissociation
threshold and the 1onization threshold. The energy would be
higher for nitrogen gas (N, ) because 1t has a triple bond (O,
has a double bond). The 1on1zation threshold will always be
higher than the dissociation threshold, so one can choose an
clectron energy to create radicals and not 1ons. The electron
energy will depend on the gas used.

When the one or more electron beams are operated so that
only radicals are created, the substrate should not be biased.
The temperature of the substrate 1s also important. Because
radicals tend to have lower energy than 1ons, they need addi-
tional energy in order to form a film. Therefore, the substrate
should be maintained at a high temperature, such as 500-
1200° C. A high substrate temperature also assists the difiu-
s1on of radicals 1nto the substrate. For example, 1n the case of
growing a S10, {ilm, oxygen radicals must diffuse through
already existing oxide down to the interface with the silicon.
The higher temperature facilitates diffusion of the radicals. In
the case of formation of a gate oxide, a high temperature will
yield a high electrical quality oxide and better conformality
for surface features.

FIG. 5 1s a graph showing the electron energy distribution
for an inductively coupled oxygen plasma. FIG. 5 shows the
ideal electron energy distribution function for maximizing
ions and minimizing radicals, which for oxygen 1s at about
100 eV (shown by the dashed/dotted line), much higher than
the 10on1zation threshold. Therefore, the one or more electron
beams should be maintained in the range of energy level
shown by the dashed/dotted line 1n FIG. 5 1n order to maxi-
mize 10ns. The energy level at which radicals are mimmized
and 1ons are maximized 1s called the 1onization peak. Ions are
desired for high aspect ratio feature fill because they are
accelerated towards the substrate surface 1n the normal direc-
tion. The 1onized species will deposit primarily on the hori-
zontal surfaces 11 the sidewalls are pertectly vertical, where
primarily 1n this context means more deposition on horizontal
surfaces than on non-horizontal surfaces. Radicals, on the
other hand, tend to favor the sidewalls instead of the bottom of
a feature. Radicals, such as an oxygen radical, have no charge
so the directionality of the radical species depends on the
pressure, since collisions scatter the radical as 1t approaches
the structure. This can cause the top corner of a feature to
continue to grow and pinch, creating an air gap. Therefore, by
maximizing ions and minimizing radicals, one can carry out
a true bottom up {ill. While FIG. 5 shows the energy distribu-
tion function for oxygen, the concept ol maximizing ions 1s
not limited to oxygen, and applies to the deposition of any
precursor gas in a high aspect feature.

In one embodiment, the 1omization energy and the disso-
ciation energy can be controlled so as to ensure general pro-
portions of 1ons and radicals from the source gas. Ionized
species are generally understood to deposit in the direction of
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movement (bottom up) and radicals are generally understood
to deposit based on collision and pressure in the chamber (on
the sidewalls of a feature). As such, a conformal deposition of
the source gas can be reached by determining the side fill rate
for the radicals of a particular source gas, determining the
bottom fill rate from the 10ons of the same source gas and
creating an 1on to radical ratio which allows for similar rates
of deposition on both the side wall and the bottom of a feature.
Alternatively, 1t 1s contemplated that the 1on to radical ratio
can be varied through the deposition process, so as to alternate
between periods of bottom up deposition and sidewall depo-
sition, 1n order to obtain the desired deposition profile.

While conventional processes do not easily control
whether bottom-up or side wall preferential deposition 1s
occurring, the methods described herein may be used to
adjust the composition of radicals and/or 1ons during the
different phases of the deposition process 1n order to control
bottom-up fill at one phase and then complete {ill at another
phase or combine the processes. This method advantageously
allows use of just one tool to accomplish the different phases
(bottom-up or side wall) of deposition.

While the foregoing 1s directed to embodiments of the
present mmvention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

The mvention claimed 1s:
1. A method of controlling an active species of one or more
clectron beams, said method sequentially comprising:

positioning a substrate 1n a processing chamber;

flowing the one or more source gases nto the processing
chamber, wherein the source gas has an 1onization
threshold energy level and a dissociation threshold
energy level;
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impinging the source gases with one or more electron
beams at a first energy level, which 1s above the 1oniza-
tion threshold energy level of the source gas, to deposit
a first layer of a desired thickness primarily on horizon-
tal surfaces of the substrate:

maintaining the flow of the one or more source gases nto

the processing chamber; and

impinging the source gases with one or more electron

beams at a second energy level, which 1s below the
ionization threshold energy level and above the disso-
ciation threshold energy level of the source gases, to
favor depositing a second layer of a desired thickness on
the substrate.

2. The method of claim 1, wherein the one or more electron
beams impinge the source gases at an angle between 75° and
105°.

3. The method of claim 1, wherein the one or more source
gases are heated prior to mtroduction into the chamber.

4. The method of claim 1, further comprising maintaining
the substrate from about 500° C. to about 1200° C. after the
bottom-up thickness 1s achieved.

5. The method of claim 1, wherein the energy level of the
one or more electron beams 1s maintained at a level from
about the midpoint between the dissociation threshold energy
level and the 1onization threshold energy level and about the
dissociation threshold energy level after the bottom-up thick-
ness 1s achieved.

6. The method of claim 1, wherein the substrate 1s biased.

7. The method of claam 6, wherein the substrate 1s not
biased after the bottom-up thickness 1s achieved.

8. The method of claim 1, wherein each source gas 1s
impinged separately by the one or more electron beams.

9. The method of claim 1, wherein the first layer and second

layers are conformal.
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